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ION CHROMATOGRAPHIC DETERMINATION OF 
ANIONS COLLECTED ON FILTERS AT ALTITUDES 
BETWEEN 9.6 AND 13.7 KILOMETERS 
DUMAS A. OTTERSON 
The NASA Global  A i  r Sampl i n g  Program (GASP) i s  an i n v e s t i g a t i o n  o f  
a tmospher ic  p o l l u t i o n  a t  a l t i t u d e s  g e n e r a l l y  used by j e t - l i n e r s ,  P a r t  
o f  t h i s  i n v e s t i g a t i o n  i s  concerned w i t h  an ion -con ta i n i ng  p a r t i c u l a t e s  
i n  t h e  atmosphere a t  a1 t i t udes  between 9.6 and 13.7 km. The samples a re  
m 
* 
rl 
m c o l l e c t e d  on c e l l u l o s e  f i b e r  d i s c s  which have been impregnated w i t h  
I 
W 
d ibu toxye thy l ph tha la te .  These f i l t e r s  have good r e t e n t i o n  f o r  p a r t i c u l a t e s  
and a re  designed f o r  h i g h  a l t i t u d e  a i r  sampl ing (Ref. 1 ~ 2 ) .  Less than  30 
micrograms (pg) of  any one an ion  i s  c o l l e c t e d  on a sample because o f  
l i m i t a t i o n s  i n  t he  amount o f  a i r  than  can be f i l t e r e d  d u r i n g  a commercial 
j e t - c r a f t  f l i g h t .  Hence, very  s e n s i t i v e  methods o f  a n a l y s i s  a re  r e q u i r e d  
f o r  t h i s  study. 
I on  chromatography w i t h  e l u e n t  suppress ion and conduc tomet r i c  d e t e c t i o n  
enables more thorough i n v e s t i g a t i o n s  o f  an ions i n  t h e  atmosphere than  
p rev i ous  methods. T h i s  ins t rument  was f i r s t  desc r ibed  by Smal l ,  Stevens, 
and Baurnan (Ref. 3) T h e i r  paper i n d i c a t e s  t h a t  a t  l e a s t  29 an ions can be 
de tec ted  i n  submicrogram amounts. Most o f  t h e  anions can be determined i n  
about 20 minu tes  i n  a s i n g l e  chromatogram. 
A Dionex Model I on  Chromatograph;\ designed f o r  an ion  a n a l y s i s  i s  
used i n  t h e  GASP i n v e s t i g a t i o n .  A s i m i l a r  u n i t  and i t s  use have been d i s -  
;\ Ment ion o f  a s p e c i f i c  p roduc t  o r  company does n o t  c o n s i t u t e  endorsement 
by t he  Na t i ona l  Aeronaut ics  and Space A d m i n i s t r a t i o n .  
STAR Category 25 
cussed i n  d e t a i l  by Mu l i ck ,  Pucke t t ,  W i l l i ams  and Sawicki  ( ~ e f .  4 ) .  Our 
p r e l  im inary  ~ o r k  i nd i ca ted  t h a t  a  s e n s i t i v i t y  c l ose  t o  0.001 ppm of  an 
an ion i n  s o l u t i o n  should be ob ta inab le .  I t  i s  very  d i f f i c u l t  t o  a t t a i n  these 
h i g h  sens i t  i v i t  ies. Contaminat i on  and s i de  reac t  ions a re  t h e  c h i e f  causes 
f o r  l o s s  o f  s e n s i t i v i t y .  The f a c t o r s  t h a t  have been c o n t r o l l e d  t o  ach ieve 
the s e n s i t i v i t y  needed f o r  t he  de te rmina t ion  o f  microgram amounts o f  F',
- 
1 NO3- and  SO^ w i l l  be discussed. 
EQU l PMENT 
Dionex Model 10 I on  Chromatograph 
Sample loop - 500 
Separator  Column - 3x500 mm - f i  1 l e d  w i t h  
Chromex DA-x5-0.376( 1 2 7 ~ )  res i n 
Suppressor Column - 6x250 mm - f i l l e d  w i t h  
Chromex DC-x12-55 r e s i n  
Pumping Speed - 1.3 m l  pe r  minute 
Gl assware 
5 m l  s y r i nge  - t o  t r a n s f e r  e x t r a c t  t o  sample i n l e t  on i on  chromatograph 
10 m l  sy r inge  - t o  t r a n s f e r  e l uen t  t o  e x t r a c t  i on  b o t t l e  
b o t t l e s  - 30 m l  - equipped w i t h  ground g lass  cap t h a t  f i t s  around neck o f  
b o t t l e  
Hypodermic needle - 3 - inch  - b l u n t  end - w i t h  s tandard female Luer  hub 
(A  wad o f  c o t t o n  i s  p laced  on a w i r e  c o i l  i n s i d e  t h e  needle hub. I t  i s  the 
means o f  removing f i l t e r  paper 1 i n t  f rom the  e x t r a c t . )  
REAGENTS 
E luen t  - ( M i x t u r e  composed o f  0.003M NaHC03+0.0024 M Na2C03) 
NaHC03 - Reagent Grade 
Na2C03 - Reagent Grade 
Acetone - E l  e c t  ron  i c  Grade 
Water - Deion ized ( r e s i s t i v i t y  >imegohm) 
Organic m a t e r i a l s  removed by a c t i v a t e d  charcoal  column. 
A i r  Stream - P u r i f i e d  i n  a  column o f  mo lecu la r  s i eve  ( ~ i n d e  l 3 x )  and a  
10 mic ron  mesh m e t a l l i c  f i l t e r  
PURIFICATION OF EQUIPMENT 
A l l  su r faces  t h a t  cou ld  p o s s i b l y  contaminate t he  e x t r a c t i o n  s o l u t i o n  
a re  c leansed and d r i e d  a f t e r  each use. T h i s  inc ludes  t h e  l e s s  obv ious 
sur faces  such as t h e  ground g l a s s  su r faces  o f  t he  b o t t l e ,  i t s  s topper ,  
and t he  sy r i nge ,  as w e l l  as t h e  hypodermic needle and c o t t o n  wad. These 
items a re  r i n s e d  w i t h  e l u e n t ,  th.en t h r e e  t imes w i t h  de ion i zed  water  and 
f i n a l l y  w i t h  acetone. They a r e  d r i e d  u s i n g  a  stream o f  p u r i f i e d  a i r .  
Acetone should  be removed as comp le te ly  as poss ib l e .  I t  can i n t e r f e r e  
w i t h  t h e  ~ 1 -  de te rmina t ion .  I t  produces a  peak whose e l u t i o n  t ime  i s  
s l  i g h t l y  g r e a t e r  than  t h a t  o f  t h e  c h l o r i d e  ion. I t  can o v e r l a p  t h e  C 1  
peak i f  t o o  much remains i n  t h e  glassware. I f  t h e  g lassware con ta i ns  
r e l a t i v e l y  l a r g e  amounts o f  an ion,  i t  may be necessary t o  use a  s t r o n g e r  
b u f f e r  i n  o rde r  t o  exped i t e  i t s  p u r i f i c a t i o n .  I n  t h i s  event  more ex tens i ve  
r i n s i n g  cou ld  be needed. Du r i ng  washing, t h e  sy r i nge  p l unge r  should  be 
h e l d  by a  meta l  h o l d e r  t o  avo id  con tamina t ion  o f  t h e  wash l i q u i d s  by 
c o n t a c t  w i t h  o n e ' s  f i n g e r s .  B lanks a r e  r u n  each day i n  o r d e r  t o  e v a l u a t e  
t h e  p u r i t y  o f  t h e  system. I f  a  b l a n k  i s  t o o  h i g h ,  no d e t e r m i n a t i o n s  a r e  
done u n t i l  b lanks  i n d i c a t e  t h a t  t h e  source o f  con tamina t ion  has been 
e l  irninated. 
The f i l t e r s  (7.6 cm d iameter )  a re  p u r i f i e d  i n d i v i d u a l l y  i n  room a i r  
p r i o r  t o  b e i n g  used t o  c o l  l e c t  t h e  sample f rom t h e  atmosphere, Vacuum 
i s  used t o  remove t h e  l i q u i d s  f rom t h e  f i l t e r  r e s t i n g  on a  s i n t e r e d  g l a s s  
Buchner funne l .  The p u r i f i c a t i o n  s teps  i n c l u d e  soak ing i n  a  carbonate 
b u f f e r  s o l u t i o n  (0.3 M NaHC03 and 0.24 M ~ a ~ C 0 ~ )  and t h e n  i n  1 M a c e t i c  
acid, r i n s i n g  t h o r o u g h l y  w i t h  s i x  p o r t i o n s  (30 t o  3 5  m l )  o f  d e i o n i z e d  
h a t e r  which i s  s a t u r a t e d  w i t h  d i b u t o x y e t h y l p h t h a l a t e .  The f i l t e r s  a r e  
then d r i e d  a t  room temperature  i n  vacuum o v e r  KOH p e l  l e t s .  V a r i a t i o n s  
i n  p u r i t y  o f  t h e  washed f i l t e r s  can r e s u l t  f rom d i f f e r e n c e s  i n  t h e  contam- 
i n a t  ion due t o  d u s t  as we1 1 as d i f f e r e n c e s  i n  t h e  t rea tment .  
PROCEDURE 
The b lanks  and t h e  an ion  c o n t e n t  o f  t h e  f i l t e r s  a r e  c a r r i e d  o u t  i n  
t h e  same way except  t h a t  o n e - f o u r t h  o f  a  f i l t e r  i s  added t o  t h e  b o t t l e  
b e f o r e  add ing the  e l u e n t  i f  a sample i s  t o  be analyzed. The p rocedure  
i s  as f o l  lows: 
10 m l  o f  e l u e n t  a r e  added t o  t h e  c l e a n a n d  d r y  b o t t l e .  The b o t t l e  
i s  shaken, a l l owed  t o  s tand  a few minu tes  and shaken again.  2.5 t o  3.0 m l  
o f  t h e  e x t r a c t  a r e  drawn th rough  t he  c o t t o n  f i l t e r  i n  t h e  needle  i n t o  a  
c l e a n  and d r y  5 m l  g l a s s  s y r i n g e ,  T h i s  s o l u t i o n  i s  used t o  r i n s e  t h e  
i n l e t  and sample loop  o f  t h e  chromatograph and t o  f i l l  t h e  loop. The 
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contents  o f  the 0.5 m l  sample loop a re  i n j e c t e d  i n t o  t h e  e l u e n t  s t ream f o r  
the  de te rm ina t i on  o f  anions. S t r i p  c h a r t  record ings s i m i l a r  t o  t h e  one i n  
F igu re  1 a r e  ob ta ined .  
DISCUSS I O N  
I n v e s t i g a t i o n s  o f  t he  an ion con ten t  o f  the  atmosphere a t  a l t i t u d e s  
between 9 .6  + 13 .7  km requ i res  e i t h e r  more s e n s i t i v e  a n a l y t i c a l  techniques 
o r  much l a r g e r  samples than a r e  used f o r  s i m i l a r  i n v e s t i g a t i o n s  o f  t h e  
atmosphere c l o s e  t o  t h e  e a r t h ' s  su r f ace .  P o l l u t i o n  o f  t h e  upper atmos- 
phere i s  much l ess  than i n  t h e  a i r  a t  t h e  lower a l t i t u d e s .  Ian chromatography 
i s  w e l l  s u i t e d  f o r  i n v e s t i g a t i o n s  o f  the  an ion con ten t  o f  t h e  atmosphere 
a t  h igher  a l t i t u d e s .  Methods f o r  t he  de te rm ina t i on  o f  a number o f  an ions 
by t h i s  technique can be very  s e n s i t i v e  and r a p i d  con tamina t ion  and 
i n t e r f e r i n g  s i d e  reac t i ons  must be c o n t r o l l e d  i n  o r d e r  t o  determine mic ro -  
gram q u a n t i t i e s  o f  anions c o l l e c t e d  on f i l t e r s .  
Ion Chromatoqraphic Dete rmina t ion  o f  Anions. The s e n s i t i v i t y  and t h e  speed 
w i t h  which anions can be determined i n  a  s o l u t i o n  by i on  chromatography i s  
i n d i c a t e d  by F igu re  1 .  I t  i s  a  t y p i c a l  s t r i p  c h a r t  r eco rd ing  o f  t he  response 
o f  t he  i on  chromatograph as a  f u n c t i o n  o f  t ime.  I t  revea ls  t h a t  F-9 ~ 1 - ,  
~ 0 ~ ~ .  and can be determined i n  an aqueous sample i n  about twenty  
minutes. The h e i g h t  o f  t he  peaks imp l i es  t h a t  0.001 ppm o f  an an ion  cou ld  
be de tec ted  i f  the most s e n s i t i v e  s e t t i n g  ( x .  1 )  o f  the inst rument  were used. 
. - 
,c' 
Determinat ion o f  Anions on F i  1 t e r s .  The GASP method uses 10 m l  o f  e l u e n t  '.! 
anions from one - fou r t h  o f  the  f i l t e r .  The use of  e l u e n t  f o r  t h i s  purpose 
avoids i n t e r f e r e n c e  w i t h  F' + C 1 -  t h a t  i s  caused by a  nega t i ve  peak. 
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This  peak i s  ob ta ined  i f  t he  e x t r a c t e d  sample con ta ins  much less  carbonate 
and b icarbonate  than t h e  e l u e n t .  Inasmuch as the  e x t r a c t  i s  i n j e c t e d  i n t o  
the  i o n  chromatograph, t he  d e t e c t i o n  l i m i t  o f  the  method should be near 
0.04 micrograms o f  an an ion  pe r  f i l t e r .  Th i s  s e n s i t i v i t y  i s  d i f f i c u l t  
t o  a t t a i n  because o f  con tamina t ion  and i n t e r f e r i n g  s i d e  reac t i ons .  
Contaminat ion and I n t e r f e r i n q  React ions. Most o f  the con tamina t ion  and the  
i n t e r f e r i n g  reac t i ons  occur  d u r i n g  the  e x t r a c t i o n  o f  anions f rom the  f i l t e r  
and the  t r a n s f e r  o f  t he  e x t r a c t  t o  the  i o n  chromatograph. E x t r a c t i o n  by 
the e l uen t  appears t o  be complete i n  a  few minutes. Th is  e x t r a c t i o n  method 
was so e f f e c t i v e  t h a t  appa ren t l y  c l ean  glassware and f i l t e r s  were sources 
o f  contaminat ion.  The c l ean ing  procedures which were adequate f o r  o t h e r  
de te rmina t ions  o f  an ions on these f i l t e r s  needed t o  be improved f o r  t h i s  
method. Experiments were c a r r i e d  o u t  which l e d  t o  a  concept t h a t  exp la i ns  
a  number of seemingly u n r e l a t e d  phenomena as w e l l  as t o  new p u r i f i c a t i o n  
methods. 
The concept imp l i es  t h a t  exchange reac t i ons  which take p l ace  on 
an ion  exchange r e s i n s  a l s o  occur  on g l ass  and on c e l l u l o s e  surfaces. 
A l l  t h r e e  sur faces  c o n t a i n  more o r  l e s s  a c t i v e  hydroxy l  groups ( o r  
o t h e r  anions which had d i sp laced  these groups).  These a r e  assumed t o  
be the a c t i v e  exchange s i t e s .  Th i s  s i m i l a r i t y  i n  su r f ace  composit ions 
o f  these m a t e r i a l s  p rov ides  some t h e o r e t i c a l  suppor t  f o r  t h i s  concept.  
Two types o f  evidence suggest t h a t  exchange reac t i ons  occur  on g l ass .  
I n  one instance,  10 m l  o f  e l u e n t  removed 20 micrograms o f  ~ 0 ~ -  from the  
inner  sur face o f  a g lass  b o t t l e  a f t e r  seven thorough r i n s i n g s  w i t h  de ion ized  
- 
water .  Rough c a l c u l a t i o n s  i n d i c a t e  t h a t  a l l  o f  t h i s  NO3 cou ld  have been 
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adsorbed a t  hydroxy l  exchange s i t e s  on the  inner  su r f ace  o f  t he  b o t t l e .  
- 
Th i s  suggests t h a t  c o m p e t i t i v e  exchange between t he  carbonates and NO3 
cou ld  have occur red  a t  these s i t e s  and t he  e f f e c t i v e  c l e a n i n g  mechanism 
i s  due t o  carbonate ions d i s p l a c i n g  t h e   NO^- f rom these s i t e s .  S i m i l a r  
behav io r  has o f t e n  been observed a f t e r  t he  b o t t l e  con ta ined  s o l u t i o n s  
w i t h  r e l a t i v e l y  h i g h  an ion  concen t ra t i ons .  That i s ,  t h e  e l u e n t  was a b l e  
t o  remove measurable amounts o f  an ions which remained a f t e r  thorough r i n s i n g  
w i t h  water .  
Table I p resen ts  da ta  t h a t  c o u l d  be due t o  ~ 1 -  be ing  r e t a i n e d  on 
exchange s i t e s .  An H C I  s o l u t i o n  was added t o  p la t inum,  g lass  and t he  
\ 
f i l t e r ,  They were a1 1 vacuum d r i e d  a t  room temperature.  Both t he  f i 1 t e r  
and g lass  r e t a i n e d  measurable amounts of ~ 1 - .  P l a t i num which has no su r f ace  
hydroxy l  groups d i d  n o t .  These r e s u l t s  suggest t h a t  a f i l t e r  sample cou ld  
a l s o  i nc l ude  a measurable amount C I -  f r om  gaseous a i r  contaminants .  
More expe r imen ta t i on  i s  needed t o  e s t a b l i s h  t he  r e t e n t i o n  mechanism and 
t o  l e a r n  t he  c a p a c i t y  o f  t h e  f i l t e r s  f o r  the  r e t e n t i o n  o f  t h i s  t ype  of  C I - .  
The s i m i l a r i t y  i n  behav io r  o f  g l ass  and c e l l u l o s e  f i b e r  f i l t e r s  such 
as i n d i c a t e d  by t h i s  evapo ra t i on  s t udy  i s  a l s o  found when t h e  e x t r a c t i o n  
of anions by de ion i zed  wate r  i s  compared w i t h  t h a t  due t o  t he  e l u e n t .  
As i n  t he  case o f  g lass ,  e x t e n s i v e  washing by pure wate r  a l l o w s  t h e  
f i l t e r s  t o  r e t a i n  measurable amounts o f  an ions.  These a r e  r e a d i l y  ex- 
t r a c t e d  by 10 m l  o f  e l u e n t .  T h i s  suppor ts  t he  c o n t e n t i o n  t h a t  cornpet- 
i t i v e  exchange r e a c t i o n s  occur  on f i l t e r  su r faces .  These r e a c t i o n s  
cou ld  r e a d i l y  account f o r  t he  r a p i d  e x t r a c t i o n  o f  an ions f rom t h e  f i l t e r  
by the  e l u e n t .  Compe t i t i ve  exchange reac t i ons  on a n i o n  exchange r e s i n s  
i s  t h e  r e a c t i o n  fundamental t o  i o n  chromatography. Ion chromatographic 
r e s u l t s  may p r o v i d e  guidance i n  t h e  t rea tment  o f  g lassware and c e l l u l o s e .  
Indeed, t he  washing procedures f o r  t h e  glassware as w e l l  as t h e  f i l t e r s  
a r e  based i n  p a r t  on t h i s  concept.  
Table  I I  i n d i c a t e s  t he  degree o f  p u r i t y  o f  t h e  equipment t h a t  can be 
achieved by these c l ean ing  procedures as w e l l  as t h e  e r r o r  t h a t  can be 
expected from d i f f e rences .  I t  p resen ts  t he  average va lues,  2 ,  o f  t h e  
b lanks f o r  F-, C 1 - ,  NO3-, and ob ta i ned  over  a  f ive-week p e r i o d  and 
t h e  s tandard d e v i a t i o n s  f o r  these values. L i t t l e  e r r o r  should be due t o  
con tamina t ion  o f  t he  equipment i f  t h e  procedures a re  fo l l owed.  
, 
Table I l l  revea l s  a  much g r e a t e r  con tamina t ion  o f  the  washed f i l t e r s  
as w e l l  as g r e a t e r  d i f f e r e n c e s  i n  p u r i t y  o f  t he  v a r i o u s  f i l t e r s .  I t  shows 
t he  average amount o f  F- , 1 , NO3- ,  and 5 0 ~ ~ ~  found on t e n  f i 1 t e r s  wh i ch 
were washed over  a  f i ve -month  pe r i od .  Improved wash ing- techn iques  a r e  
needed t o  reduce t h e  e r r o r  i n  analyses o f  t he  an ions c o l l e c t e d  on f i l t e r s .  
Equipment t o  p u r i f y  l a r g e  numbers o f  f i l t e r s  s imu l taneous ly  i s  now 
, ' 
be ing  const ructed.  ~ 6 n - t ~  p u r i f i e d  a i r  w i l l  -be+-Fe ts con tac t  t h e  f i l t e r .  
Th i s  i s  expected t o  p r o v i d e  u n i f o r m l y  pu re  f i l t e r s  i n  good supply.  These 
w i l l  be needed f o r  a  more thorough s tudy o f  t h e  r e l i a b i l i t y  o f  t h i s  method 
o f  a n a l y s i s  as we1 1 as f o r  an improvement i n  t h e  accuracy o f  analyses. 
I n t e r f e r i n q  React ions.  Some o rgan i c  compounds r e a c t  w i t h  t h e  e l u e n t  t o  form 
anions which can be de tec ted  by ' i o n  chromatography. Ser ious i n t e r f e r e n c e s  
w i t h  an ion  de te rm ina t i ons  may occur  i f  o r g a n i c  compounds a re  p resen t  i n  
t he  sample. Fo r  ins tance ,  low mo lecu la r  weight  a l c o h o l s  can be de tec ted  i f  
p resen t  i n  the  e l eun t .  A p p i r e n t l y  t h e  a l c o h o l a t e  ions a re  formed. The 
i n t e r f e r e n c e  due t o  acetone which was ment ioned p r e v i o u s l y  may be due t o  
i t s  en01 form. The e n o l i z a t i o n  o f  acetone can be w r i t t e n :  
where 6 i s  an a l k a l  i n e  substance. 
I n t e r f e r e n c e s  ~ i t h  t h e  F- + Cl- d e t e r m i n a t i o n s  a r e  caused by r e a c t  ions 
i n v o l v i n g  d i b u t o x y e t h y l p h t h a l a t e .  These i n t e r f e r e n c e s  were d iscovered  
when t h e  peaks f o r  these ions  increased on ag ing  o f  f i l t e r  e x t r a c t s .  
I t  was soon lea rned  t h a t  t h i s  o c c u r r e d  w i t h  a l l  s o l u t i o n s  t h a t  con ta ined  
- 
- 2 bo th  t h e  e l u e n t  and d i b u t o x y e t h y l p h t h a l a t e .  The NOj and SO4 peaks 
remained constant .  When a  more d i l u t e  e l u e n t  was used, t h e  e l u t i o n  t imes  
were extended s u f f i c i e n t l y  t o  i n d i c a t e  t h a t  t h e  inc rease  was caused by 
i n t e r f e r i n g  substances. D i b u t o x y e t h y l p h t h a l a t e  i s  an e s t e r .  E s t e r s  s a p o n i f y  
i n  a l k a l i n e  s o l u t i o n s .  I f  t h i s  e s t e r  s a p o n i f i e s  i n  two s teps ,  s a p o n i f i c a t i o n  
p roduc ts  cou ld  be t h e  sodium s a l t  o f  bu toxye thano l ,  sodium monobutoxyethy l -  
p h t h a l a t e ,  and sodium p h t h a l a t e .  The r e a c t i o n s  which c o u l d  y i e l d  these  
substances are:  
where R stands f o r  t h e  b u t o x y e t h y l  group ( c ~ H ~ o c ~ H ~ ) .  The sodium s a l t  o f  
butoxyethanol  was found t o  e l u t e  w i t h  t h e  F- ion. P h t h a l a t e  i o n  r e q u i r e s  
much longer  e l u t i o n  t imes  t h a n  any o f  t h e  an ions o f  i n t e r e s t .  Some 
ev idence i n d i c a t e s  t h a t  t h e  C 1 -  i n t e r f e r e n c e  decreases when p h t h a l a t e  i o n  
increases.  Hence, sodium m o n o b u t o x y e t h y l p h t h a l a t e  appears t o  be t h e  cause 
o f  t h e  C 1 -  i n t e r f e r e n c e .  I f  so, t h i s  i m p l i e s  t h a t  d i b u t o x y e t h y l p h t h a l a t e  does 
s a p o n i f y  i n  two s t e p s  i n  a  m i l d l y  a l k a l i n e  s o l u t i o n  such as t h e  e l u e n t .  
C i r cumven t inq  S a p o n i f i c a t i o n  I n t e r f e r e n c e .  Because s a p o n i f i c a t i o n  i s  r e l a t i v e l y  
s low, reasonably  a c c u r a t e  r e s u l t s  f o r  F' + C1' can be o b t a i n e d  f o r  IPC  1478 
f i l t e r s  even though they  do c o n t a i n  d i b u t o x y e t h y l p h t h a l a t e .  F i g u r e  2 shows 
t h e  apparent  i nc rease  i n  F' + C 1 -  c o n t e n t  as a  f u n c t i o n  o f  t i m e  t h a t  
e lapsed  between m i x i n g  o f  t h e  e l u e n t  w i t h  a f i l t e r  and i n j e c t i o n  o f  t h e  
e x t r a c t  i n t o  t h e  i o n  chromatograph. These d a t a  i n d i c a t e  t h a t  e r r o r s  due t o  
-, 
s a p o n i f i c a t i o n  i n c r e a s e  s i g n i f i c a n t l y  w i t h  aging.  The va lues  i n d i c a t e d  
by e x t r a p o l a t i o n  t o  t h e  t i m e  o f  m ix ' i ng  i s  t h e  amount o f  F' o r  C1 '  on t h e  
f i l t e r  i f  s e v e r a l  assumpt ions a r e  v a l i d .  The f i r s t  assumpt ion i s  t h a t  
t h e  r a t e  o f  s a p o n i f i c a t i o n  i s  a lmost  c o n s t a n t  d u r i n g  t h e  t i m e  p e r i o d  
invo lved .  The r e s u l t s  o b t a i n e d  f o r  3 d a t a  p o i n t s  imp ly  t h a t  t h i s  assumpt ion 
i s  v a l i d .  The second i s  t h a t  no s a p o n i f i c a t i o n  p r o d u c t s  a r e  on  t h e  f i l t e r  
a t  t h e  s t a r t  o f  t h e  e x t r a c t  ion. T h i s  means t h a t  t h e  method cannot be 
used i f  IPC 1478 f i l t e r s  c o n t a i n  a l k a l  i n e  a d d i t i v e s .  Fo r  i ns tance ,  t e t r a -  
f i r ,  
* 1 b-4 i 
b u t y l  ammon ium h y d r o x i d e  has been added t o  somk i to  improve t h e  i r c o l  l e c t  i o n  1, 
e f f i c i e n c y  f o r  a c i d  gases such as HCL. Hence, these  f i l t e r s  c o n t a i n  
l a r g e  amounts o f  t h e  s a p o n i f i c a t i o n  p roduc ts .  The t h i r d  assumpt ion i s  
t h a t  F- and C I -  a r e  e x t r a c t e d  q u a n t i t a t i v e l y  d u r i n g  t h e  f i r s t  a g i n g  p e r i o d .  
One can i n f e r  t h a t  e x t r a c t i o n  o f  F' and C1-  i s  comple te  f rom t h e  ev idence 
t h a t   NO^- and so4-' do n o t  i nc rease  upon a g i n g  o f  t h e  f i 1 t e r  i n  t h e  e l u e n t .  
These two an ions have much l o n g e r  e l u t i o n  t imes  t h a n  F- and C 1 - .  I f  t h e  
1 1  
an ion exchange s i t e s  o f  c e l l u l o s e  and anion exchange res ins  a re  indeed t he  
same, then these h a l i d e  ions should be e x t r a c t e d  from t h e  f i l t e r  f a s t e r  
than ~ 0 ~ -  o r  sohd2.  T h i s  assumption i s  a l s o  supported by t h e  data o f  
Table I V .  The agreement i s  c l o s e  t o  t he  l i m i t s  expected from the  v a r i a t i o n  
i n  an ion content  o f  washed f i l t e r s  (see Table I I I). A more d e f i n i t i v e  
study o f  the  re1 i a b i l  i t y  o f  these procedures i s  be ing delayed u n t i l  a 
l a rge  number o f  f i 1 t e r s  w i t h  un i f o rm  p u r i t y  are avai  1 able.  
CONCLUD l NG REMARKS 
Ion  chromatography i s  un ique l y  s u i t e d  f o r  t he  determinat  i o n  o f  anions 
Co l l ec ted  on f i l t e r s .  I t  i s  r a p i d  and thorough. An a t t r i b u t e  o f  ion  
chromatography t h a t  i s  s i g n i f i c a n t  i n  environmental  s t ud ies  i s  i t s  
a b i l i t y  t o  i n d i c a t e  the  presence o f  unsuspected anions. The presence o f  
measurable amounts o f  F' on ou r  f i l t e r s  was no t  cons idered u n t i l  i t  was 
i d e n t i f i e d  as the  cause o f  one o f  t he  peaks ob ta ined  i n  t he  analyses o f  
t he  f i l t e r  e x t r a c t s .  More work may be requ i red  t o  e s t a b l i s h  t h e  v a l i d i t y  
o f  t h i s  i d e n t i f i c a t i o n .  However, the  p o s s i b i l i t y  t h a t  F- m igh t  be 
inc luded i n  our  i n v e s t i g a t i o n  o f  t he  upper atmosphere may be q u i t e  s i g -  
n i f i c a n t  i n  view o f  t h e  f r e o n  cont roversy.  
Contaminat ion and i n t e r f e r i n g  s i d e  reac t i ons  must be c o n t r o l l e d  t o  
u t i l i z e  the u l t i m a t e  s e n s i t i v i t y  o f  i on  chromatography. The c o n t r o l  
o f  these f a c t o r s  t o  t h e  e x t e n t  necessary f o r  the  de te rm ina t i on  o f  microgram 
q u a n t i t i e s  o f  an ions on c e l l u l o s e  f i l t e r s  has been discussed. Evidence 
was presented t o  suppor t  the  v iew t h a t  g l ass  and c e l l u l o s e  sur faces  
are s i t e s  o f  the  same c o m p e t i t i v e  an ion exchange reac t i ons  t h a t  occur  
on an ion exchange res ins .  
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TABLE I 
C h l o r i d e  Ion Reta ined by P la t inum,  Glass,  and I P C  1478 F i l t e r s  A f t e r  
Evapora t ion  o f  H C l  f r o m  t h e i r  su r faces ,  
P t  
Glass 
IPC 1478 f i l t e r  
C 1  Re ta ined  
(micrograms) 
/v 0.2 
Added as H C l  2 .0  
TABLE I I  
D a i l y  Blanks Obta ined Between August 31, 1976 and October 4, 1976. 
F- - -2 c1-  N03 s.04 
(microgram p e r  f i 1 t e r )  
- 2 8  36 .10 .42 
.06 .14 . 0 4  .12 
- x i  l 2  
Where n  i s  t h e  t o t a l  number o f  
I n - 1  i n d i v i d u a l  va lues ,  x i .  
TABLE I I I 
Anion Content  o f  Ten F i  1 t e r s  Pur i f  ied  between 
August 28, 1976 and January  21, 1977 
F' C1 '  NO3- S04 - Z 
(micrograms p e r  f i 1 t e r )  
1 .28 .88 - 3 4  1 . 1 3  
.66 .98 .24  .36 
TABLE I V  
D e t e r m i n a t i o n  of F' + C 1 -  on IPC 1478 F i l t e r s  
F C 1 
(micrograms p e r  f i 1 t e r )  
Added Found Added Found 
HCL added i n s t e a d  o f  NaCl 
TIME OF INJECTION 
Figure 1. - Typical ion chromatogram. 
0 10 20 30 40 
MINUTES AFlER MIXING 
Figure 2. - Extrapolation procedure for the 
determination of F-  and CI- i n  the 
presence of dibutoxyethy lph thalate. 
